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DESCRIPTION 



METHOD AND APPARATUS FOR PRODUCING METAL POWDER 
Technical Field 

[0001] The present invention relates to a method for production of metallic 
powders, such as those of nickel, copper, silver, or the like, which are suitable 
for various purposes such as for conductive paste filler for electronic parts or 
the like, bonding materials for titanium materials, and catalysts, and in 
particular, relates to a technique for production of metallic powder to 
consistently obtain metallic particles which contain few coarse particles such as 
aggregated particles, and which fulfills the requirements for thinner layers and 
increased number of layers in recent capacitors. 

Background Art 

[0002] A conductive metallic powder such as one of nickel, copper, silver, or 
the like is appropriate for internal electrodes of multilayered ceramic capacitors, 
and in particular, nickel powder has attracted much attention for use in this way. 
In particular, nickel ultrafine powder produced by a dry-type production 
reaction method is very promising. Accompanied by reduction in size and 
capacity-increase of capacitors, internal electrodes are required to have thin 
layers and to have less resistance, development of ultrafine powder having 
particle diameters of not more than 0.5 jum, as well as particle diameters of not 
more than 1 jim, is required. 

[0003] Conventionally, several kinds of methods for production of such 
ultrafine particle metallic powder have been suggested. For example, in 
Japanese Unexamined Patent Application Publication No. Sho 59-7765, a 
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method for production of spherical nickel ultrafine powder having an average 
diameter of from 0.1 to several micrometers, in which solid nickel chloride is 
heated and vaporized to nickel chloride gas, and hydrogen gas is blown into 
this gas at high-speed to cause nucleation growth at the chaotic interface, is 
disclosed. 

[0004] Furthermore, in Japanese Unexamined Patent Application Publication 
No. Hei 04-365806, a technique in which solid nickel chloride is evaporated to 
obtain nickel chloride gas having a partial pressure in a range of from 0.05 to 
0.3, and the gas is reduced in the gas phase at 1004°C to 1453°C, is disclosed. 
In this method, since the reduction reaction is performed at about 1000°C or 
more, metallic powder particles generated may easily aggregate to grow to 
form secondary particles in the temperature of reduction process or other later 
processes. As a result, desired ultrafine metallic powder cannot be reliably 
obtained. 

[0005] Furthermore, in Japanese Unexamined Patent Application Publication 
No. Hei 11-350010, a technique in which metallic powder generated by 
contacting metal chloride gas and reducing gas is contacted with inert gas and 
rapidly cooled at a rate of 30°C/sec or more to 800°C, to restrain aggregation of 
metallic powder particles and growth of secondary particles. In this method, 
aggregation and growth of secondary particles of metallic powder particles can 
be restrained, and ultrafine metallic powder can be obtained. 
[0006] However, accompanied by reduction in size and capacity increase of 
capacitors, thinning of layers and increase in number of layers are required for 
recent capacitors. Therefore, by the above-mentioned technique disclosed in 
the publication No. Hei 11-350010, effects to inhibit aggregation of metallic 
powder particles and growth of secondary particles are not sufficient, and it is 
difficult to reliably produce metallic powder having uniform particle size and 
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not having coarse particles. 

[0007] Furthermore, if the metallic powder produced adheres to inner wall of 
the reducing furnace in which metal chloride gas and reducing gas are 
contacted or an inner wall of the cooling device in which the metallic powder 
generated at the reducing process is rapidly cooled, the metallic powder may 
grow to form coarse particles, or adhered metallic particles may aggregate to 
form secondary particles to form coarse particles, and the coarse particles may 
be mixed in a finished product. 

[0008] As a technique to prevent aggregation and growth of the metallic 
powder which is adhered on an inner wall of metallic powder producing device, 
a technique in which production of metallic powder is periodically stopped and 
adhering material inside the device is removed mechanically, is disclosed in 
Japanese Unexamined Patent Application Publication No. Hei 5-163513. 
Furthermore, a production device for metallic magnetic powder having a 
removing means in which metallic magnetic powder adhered to a reaction 
container wall of the metallic magnetic powder is removed without opening the 
reaction container, is disclosed in Japanese Unexamined Patent Application 
Publication No. Hei 5-247506. 

[0009] In the publication No. Hei 5-247506, as a method of removing 
adhering magnetic powder, a method in which adhering powder is blown off by 
blowing inert gas, a method in which adhering powder is blown and failed by 
blowing metallic powder or ceramic powder together with the inert gas, a 
method in which impact is given to a reaction container from the outside, and 
the like are disclosed. 

[0010] However, these methods are methods which require periodic stopping 
during production to remove adhered powder as is similar to the method 
disclosed in the publication No. Hei 5-1635 13. Therefore, adhering of the 
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metallic powder on the inner wall of the device during the production cannot be 
prevented completely, and mixing of coarse particles in the metallic powder 
product cannot be prevented completely. Since the production must be 
periodically stopped, deterioration of productivity is unavoidable. 

Disclosure of the Invention 

[001 1] Therefore, the present invention was completed in view of the 
above-described circumstances, and objects of the present invention are to 
provide a method for production of metallic powder in which aggregation of 
particles and growth of secondary particles after reducing process of the 
metallic powder particle produced by a gas-phase reducing method, which is a 
reaction of metal chloride gas and reducing gas, can be prevented, to reliably 
obtain metallic particles containing few coarse particles, and to meet the 
requirements of thinner layers and increased number of layers for recent 
capacitors, and a production device therefor. 

[0012] Regarding a technique to produce metallic powder by the gas-phase 
reducing method, the following facts are known. That is, in the producing 
process of the metallic powder by the gas-phase reducing reaction, a metal 
atom is generated at the moment in which metal chloride gas and reducing gas 
are collided, the metal atoms are mutually collided and aggregated to form an 
ultrafine particle, and the ultrafine particle grows. The particle diameter of the 
metallic powder generated is determined by conditions such as partial pressure, 
temperature, or the like of the metal chloride gas in the atmosphere of the 
reducing process. Since the metallic powder must be washed and recovered 
ordinarily after generating the metallic powder having a desired diameter, a 
cooling process of the metallic powder transferred from the reducing process, is 
necessary. 
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[0013] Fig. 1 is a conceptual diagram of a conventional reducing furnace used 
during the cooling process of the above-mentioned gas-phase reducing method. 
A lower part of Fig. 1 is a front view in which the reducing process part and the 
cooling process part are adjacently arranged, and an upper part of Fig. 1 is a 
plane view showing a luminous flame (flame resembling a burning flame of 
fuel gas such as LPG) in the reducing process part and a blowing direction 
(direction of four bold arrows in Fig. 1) of inert gas in the cooling direction. 
The reduction reaction is ordinarily performed at about 1000°C or more. 
Therefore, the generated metallic powder particles may aggregate to form 
secondary particles during a period of cooling from the temperature of the 
reduction reaction to a temperature at which growth of the particles stop. To 
restrain generation of the secondary particles, it is necessary to rapidly cool 
faster than a certain cooling rate. However, as shown in Fig. 1, in a 
conventional rapid cooling method in which inert gas is introduced from plural 
parts of the cooling process part to the gas flow containing generated metallic 
powder, the gas flow containing the metallic powder is turbulent due to the 
inert gas for cooling. At this turbulent part, generated metallic powder is 
brought back to reducing process part side (upper side of Fig. 1), and the 
powder remains in the reducing process part for a long period. Therefore, the 
cooling rate is reduced, and as a result, metallic powder particles may aggregate 
to generate secondary particles, which are so-called "connected particles". 
[0014] The inventors focused attention on the disruption of gas flow due to 
introduction of inert gas for cooling, and they found that fine metallic powder 
containing extremely few connected particles can be obtained by a cooling 
method by inert gas in which disruption of the gas flow in the reducing process 
part is restrained, and completed the invention. For example, as a reducing 
furnace corresponding to the present invention, as shown in Fig. 2, an aspect in 
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which plural blowing directions (direction of four bold arrows in Fig. 2) of 
inert gas at the cooling process part are moved from a normal line of 
circumference surface of the cooling process part to the direction of the normal 
line to some extent and at the same time the blowing directions are moved to 
some extent in the horizontal direction, can be mentioned. Furthermore, as 
shown in Fig. 3, an aspect in which plural blowing directions (direction of four 
bold arrows in Fig. 3) of inert gas at the cooling process part are moved from a 
normal line of circumference surface of the cooling process part to the direction 
of the normal line to some extent and at the same time the blowing directions 
are not moved in the horizontal direction, can be mentioned. 
[0015] If metallic powder adheres to an inner wall of the reducing process 
part and the cooling process part, the adhered powder stays in the reducing 
process for a long period and the powder is cooled at a low cooling rate, and as 
a result, the particles grow into coarse particles or particles adhere and 
aggregate to form secondary particles, and they are mixed in the finished 
product. 

[0016] The inventors researched about a method to prevent mixing of the 
coarse particles by retarding adhesion of generated metallic powder to an inner 
wall of the producing device of the metallic powder. As a result, they found 
that sufficient effects can be obtained by always flowing inert gas continuously 
during the production of the metallic powder along the inner wall of the 
reducing furnace for the vertical direction, and have completed the invention. 
In the present invention, since adhering of the metallic powder to the inner wall 
of the production device is prevented, generation of the coarse particles can be 
prevented. In addition, compared to the conventional method in which 
production of the metallic powder is periodically stopped to remove adhering 
powder, reduction in production efficiency can also be reduced. 
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[0017] The method for production of metallic powder of the present invention 
was completed in view of the above- described situation, the method has a 
reducing process in which metal chloride gas and reducing gas are contacted to 
continuously to reduce the metal chloride, and a cooling process in which gas 
containing the metallic powder generated in the reducing process is cooled by 
inert gas, and wherein a vortex flow is formed by blowing out inert gas from at 
least one part around a flowing passage of the metallic powder during cooling 
process. 

[0018] By the method for production of metallic powder of the present 
invention, a vortex flow is formed by blowing inert gas from at least one part, 
desirably from plural parts, around the flow passage of the metallic powder in 
the cooling process part. Therefore, the inert gas for cooling does not remain 
in the reducing process part, and uniform flow aspect of metallic powder can be 
realized at any position of the cooling process part. Therefore, growth of 
secondary particles due to aggregation of metallic particles conventionally 
generated at the part in which flow rate is low is reduced. The metallic 
powder containing few coarse particles such as aggregated particles can be 
reliably obtained. 

[0019] In such a method for production of the metallic powder, it is desirable 
that the vortex flow be generated in a direction of vertically downward. The 
vortex flow vertically downward means that the blowing direction of the inert 
gas is inclined from the horizontal direction in a downward direction. In the 
case in which the vortex flow is generated vertically upward, a gas flow 
containing metallic powder flows in the vertical direction, the gas flow 
containing the metallic powder in the cooling furnace is disrupted by the inert 
gas for cooling during the rapid cooling. At the part in which the flow is 
disrupted, metallic powder is brought back to the reducing process part and the 
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powder remains for a long period. In this period, the metallic powder 
particles may aggregate to generate secondary particles, so-called "connected 
particles". On the other hand, in the case in which the vortex flow is 
generated vertically downward, the remaining of the metallic powder for long 
periods in the reducing process part due to the disruption of the gas flow 
mentioned above is prevented, and generation of secondary particles by 
aggregation of the powder particles can be reduced. Therefore, in the present 
invention, metallic particles containing few coarse particles such as aggregated 
particles can be obtained more reliably. 

[0020] In the method for production of the metallic powder of the present 
invention, it is desirable that blowing positions of the inert gas be arranged at 
more than four points and that each position be arranged at an equal interval. 
In this construction, the vortex flow can be generated almost uniformly at any 
position in the cooling furnace. That is, in the cooling process, there is no part 
in which the vortex flow is not generated locally. Therefore, in the present 
invention, metallic particles containing few coarse particles such as aggregated 
particles can be obtained further reliably. 

[0021] In the method for production of the metallic powder of the present 
invention, it is desirable that the blowing direction of the inert gas be inclined 
from the horizontal direction downwardly at 5 to 25 degrees. In the case in 
which the inclined angle is less than 5 degrees, as shown in Fig. 1, there is 
almost no difference between the present invention and a conventional rapid 
cooling method in which inert gas is introduced from plural parts of lower part 
of the reducing furnace to the gas flow containing generated metallic powder. 
Therefore, the gas flow is disrupted during the rapid cooling, the generated 
powder is brought back to the reducing process part to remain for long periods, 
generating large numbers of secondary particles. In the case in which the 
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inclined angle is more than 25 degrees, appropriate vortex flow cannot be 
generated even if inert gas blown out of plural blowing parts is intermixed. 
Therefore, the inert gas cannot play a role as a cooling medium. In the present 
invention having a structure as mentioned above, appropriate vortex flow can 
be generated in the flowing metallic powder. As a result, metallic particles 
containing few coarse particles such as aggregated particles can be obtained 
extremely reliably. Desirable vertical lengths of the vortex flow by the inert 
gas during the cooling process depends on the diameter of the reducing furnace, 
amount of metallic powder produced, and amount of inert gas supplied; 
however, it is determined that the metallic powder generated in the reducing 
furnace should be cooled to a temperature at least 200°C lower than the 
reducing reaction temperature. 

[0022] Furthermore, in the present invention, inert gas flow is always 
generated along the inner wall of the production device (reducing process and 
cooling process) in the vertical direction continuously during the production of 
the metallic powder to prevent adhering of the metallic powder on the inner 
wall of the production device. 

[0023] Furthermore, the present invention provides a production device for 
the metallic powder in which vortex flow is generated by blowing out inert gas 
from at least one part around the flow passage of the metallic powder during 
the cooling process of the metallic powder. In addition, the present invention 
provides a production device of the metallic powder in which inert gas flow is 
always generated along the inner wall of the production device in the vertical 
direction continuously during the production of the metallic powder. 
[0024] Desirable embodiments of the present invention are further explained 
by way of production examples and the figures. As a metallic powder which 
can be produced by the method of the present invention, other than one of 
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nickel, metallic powder suitable for kinds of use such as paste filler of copper 
or silver, complex material of titanium material, or catalyst can be mentioned. 
Furthermore, a metallic powder of aluminum, titanium, chromium, manganese, 
iron, cobalt, platinum, bismuth, or the like can be produced. 
[0025] In the present invention, first, metal chloride gas and reducing gas are 
contacted and reacted. A method to generate metal chloride gas can be 
selected from conventionally known methods. For example, a method in 
which solid metal chloride such as solid nickel chloride is heated and 
evaporated can be mentioned. Alternatively, a method in which metal 
chloride gas is continuously generated by contacting chlorine gas to a target 
metal can be mentioned. In the former method in which solid metal chloride 
is used as a raw material, it is difficult to generate gas stably since heating and 
evaporating (sublimation) operation is necessary. The partial pressure of the 
metallic chloride gas varies and the diameter of the metallic powder generated 
is unstable. Furthermore, since solid nickel chloride, for example, contains 
water of crystallization, dehydration pretreatment is necessary. If the 
dehydration is not performed sufficiently, the generated Ni powder may 
contaminated by oxygen. Therefore, the latter method in which metal 
chloride gas is continuously generated by contacting chlorine gas to a metal, is 
more desirable. 
A. Chlorinating Process 

[0026] Fig. 4 shows a production device of the metallic powder which is used 
to perform the method for production of the metallic powder of the present 
invention. It is desirable that the chlorinating process be performed by using a 
chlorinating furnace 10 shown in Fig. 4. A raw material supplying pipe 11 is 
arranged on an upper end surface of the chlorinating furnace 10. 
[0027] A chlorine supplying pipe 12 is connected to one upper side part of the 
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chlorinating furnace 10, and an inert gas supplying pipe 13 is connected to a 
lower side part below the upper side part. A heater 14 is arranged around the 
chlorination furnace 10, and a compound transferring pipe and nozzle 15 is 
connected to the other upper side part of the chlorinating furnace 10. The 
shape of the chlorinating furnace 10 is selected from, for example, the vertical 
type or the horizontal type, and the vertical type is more desirable to perform 
contact reaction of solid and gas uniformly. Chlorine gas is continuously 
introduced through the chlorine gas supplying pipe 12 while measuring the 
flowing amount of chlorine gas. The compound transferring pipe and nozzle 
15 is connected to an upper end surface of a reducing furnace 20 mentioned 
below, and transfers nickel chloride gas or the like generated in the chlorinating 
furnace 10 to the reducing furnace 20. The lower part of the compound 
transferring pipe and nozzle 15 projects into the inside of the reducing furnace 
20 to function as nickel chloride blowing nozzle. The condition of metallic 
nickel (M) as a raw material is not limited in particular, from the viewpoints of 
contact efficiency and prevention of pressure loss increase, a granular shape 
having a diameter from about 5 mm to 20 mm, an irregular shape, a placoid 
shape, or the like is desirable. The purity is desirably not less than 99.5%. 
The height of the metallic nickel (M) layer filled in the chlorinating furnace 10 
can be determined in a range sufficient to convert chlorine gas to nickel 
chloride gas based on chlorine gas supplying rate, temperature inside the 
chlorinating furnace, continuous run length, shape of metallic nickel (M), or the 
like. The temperature inside the chlorinating furnace 10 is set at not less than 
800°C to promote the reaction sufficiently, and not more than 1483°C which is 
the melting point of nickel. Considering the reaction rate and service life of 
the chlorinating furnace 10, a range from 900 to 1100°C is desirable in practical 
use. 
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[0028] In the method for production of the metallic powder of the present 
invention, continuous supply of chlorine gas to the chlorinating furnace 10 
filled with the metallic nickel (M) results to generate nickel chloride gas 
continuously. Furthermore, since the amount of nickel chloride gas generated 
depends on the amount of chlorine gas supplied, a reducing reaction explained 
below also depends on the amount of chlorine gas supplied, and as a result, the 
desired nickel powder product can be produced. An aspect of chlorine gas 
supplying is further described concretely as follows. 
[0029] The nickel chloride gas generated in the chlorinating process is 
transferred by the compound transferring pipe and nozzle 15 to the reducing 
furnace 20. Alternatively, inert gas such as nitrogen or argon is supplied from 
1 mol% to 30 mol% of the nickel chloride gas from the inert gas supplying pipe 
13 and is mixed therewith, and this mixture gas is transferred to the reducing 
furnace 20. This supplying of the inert gas is a factor to control the particle 
diameter of the nickel powder. In the case in which an excess amount of inert 
gas is supplied, not only is the inert gas consumed in large amount, but it also 
causes energy loss. From such a viewpoint, desirable partial pressure of the 
nickel chloride gas in the mixture gas passing through the compound 
transferring pipe and nozzle 15 is in a range from 0.5 to 1 .0 in the case in which 
the total pressure is 1 .0. In particular, in the case in which nickel powder 
having a small particle diameter in a range from 0.2 jam to 0.5 jam is produced, 
partial pressure is desirably in a range from about 0.6 to 0.9. As explained, 
the generated amount of nickel chloride gas is freely controlled by the supplied 
amount of chlorine gas, and the partial pressure of the nickel chloride gas can 
also be freely controlled by the supplied amount of the inert gas. 
B. Reducing Process 

[0030] The nickel chloride gas generated in the chlorinating process is 
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continuously transferred to the reducing furnace 20. It is desirable to perform 
the reducing process using the reducing furnace 20 shown in Fig. 4. The 
reducing furnace 20 shown in Fig. 4 is cylindrical and has an upper part in 
which reducing is performed and a lower part in which cooling is performed. 
A nozzle portion of the above-mentioned compound transferring pipe and 
nozzle 15 (hereinafter simply referred to as nozzle 15) is projected downward 
at the upper end part of the reducing furnace 20. Furthermore, a reducing gas 
supplying pipe (hydrogen supplying pipe) 21 is connected to the upper end 
surface of the reducing furnace 20. A heater 22 is arranged around the 
reducing furnace 20. The nozzle 15 transfers and blows nickel chloride gas 
(there is also a case in which inert gas is contained) from the chlorinating 
furnace 10 to the reducing furnace 20 at a desirable flow rate. 
[0031] When the reducing reaction of nickel chloride gas and hydrogen gas is 
promoted, a luminous flame F, resembling the burning flame of a fuel gas such 
as LPG, which extends downwardly, is formed from a top part of the nozzle 15. 
The supplied amount of hydrogen gas in the reducing furnace 20 is the 
chemical equivalent of nickel chloride, that is, about 1.0 to 3.0 times larger than 
the chemical equivalent of chlorine gas supplied to the chlorinating furnace 10, 
and is desirably about LI to 2.5 times; however, it is not limited to this range. 
However, in the case in which an excess amount of hydrogen is supplied, a 
large hydrogen flow is generated in the reducing furnace 20 and disrupts the 
flow of nickel chloride blown from the nozzle 15. As a result, the reducing 
reaction may be promoted non-uniformly, and this is not economical since the 
gas which is discharged is not being consumed. The temperature of the 
reducing reaction is set to a temperature high enough to complete the reaction, 
it is desirably not more than the melting point of nickel since solid nickel 
powder is easy to handle compared to that in the liquid state. From the 
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viewpoint of reaction rate, durability of the reducing furnace 20, and cost, a 
range from 900 to 1100°C is desirable in practical use, but it is not particularly 
limited. 

[0032] As is described above, chlorine gas introduced into the chlorinating 
furnace 10 is converted to substantially the same mole amount of nickel 
chloride gas, which is a raw material used in the reduction. By controlling the 
linear velocity of the gas flow of the nickel chloride gas or the gas flow of the 
mixture gas of nickel chloride and inert gas blown out of the top of the nozzle 
15, the particle diameter of nickel powder P obtained is appropriately 
controlled. That is, if the diameter of the nozzle is constant, by controlling the 
supplied amount of chlorine gas and inert gas to the chlorinating process, the 
particle diameter of nickel powder P generated in the reducing furnace 20 can 
be controlled within a target range. Desirable linear velocity of the gas flow 
at the top of the nozzle 15 is set in a range from about 1 m/s to 30 m/s at a 
reducing temperature in a range from 900 to 1100°C. In the case in which 
nickel powder having a small particle diameter such as from 0.1 jam to 0.3 jam 
is produced, the linear velocity is desirably in a range from about 5 m/s to 25 
m/s, in the case in which nickel powder having a particle diameter of from 0.4 
|um to 1.0 ^im is produced, the linear velocity is desirably in a range from about 
1 m/s to 15 m/s. Linear velocity of hydrogen gas in the axial direction of the 
reducing furnace 20 is desirably in a range from about 1/50 to 1/300 of the 
blowing rate (linear velocity) of nickel chloride gas, and more desirably in a 
range from 1/80 to 1/250. This is substantially like a condition in which 
nickel chloride gas is blasted from the nozzle 1 5 into a static hydrogen 
atmosphere. It is desirable that the direction of exit of the reducing gas 
supplying pipe 21 not be directed to the luminous flame F. As the reducing 
gas used to generate nickel powder, hydrogen gas, hydrogen sulfide or the like 
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can be used; however, hydrogen gas is desirable from the viewpoint of effect on 
the nickel powder generated. A range of temperature of reducing reaction of 
metal chloride gas and reducing gas is ordinarily from 900 to 1200°C, desirably 
from 950 to 1100°C, and more desirably from 980 to 1050°C. 
C. Cooling Process 

[0033] As shown in Fig. 4, cooling process is performed in a space opposite 
to the nozzle 15 (lower part) in the reducing furnace 20. Furthermore, the 
cooling process can be performed separating containers of the reducing process 
and the cooling process, and connecting the reducing furnace 30 and the 
cooling cylinder 40 by nozzle 50 as shown in Fig. 5. However, from the 
viewpoint of prevention of aggregation of metallic powder, which is an object 
of the present invention, the cooling process is desirably performed soon after 
the reducing process as shown in Fig. 4. The cooling of the present invention 
is an operation to stop or retard growth of nickel particles in a gas flow 
(including hydrochloric acid gas) generated during the reducing reaction, and in 
practice, is an operation in which temperature at about 1000°C in the gas flow 
after the reducing reaction is rapidly cooled to about 400 to 800 °C. The 
cooling can be performed to a temperature less than this range. 
[0034] As a desirable example of the cooling, this embodiment has a structure 
in which inert gas is blown to a lower space at the top of the luminous flame F. 
That is, in Fig. 4, nitrogen gas is blown from cooling gas supplying pipe 23 to 
cool the gas flow. By blowing inert gas, aggregation of nickel powder P can 
be prevented and at the same time the diameter can be controlled. In practice, 
the plural cooling gas supplying pipes 23 are connected around the flowing 
direction (vertically downward in Fig. 4) of nickel powder P (peripheral wall of 
the cooling process part of the reducing furnace 20 in Fig. 4) at equal intervals. 
The cooling gas supplying pipe 23 is inclined to some extent from the normal 
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line of peripheral surface of the cooling process part, and the blowing direction 
is also inclined from the horizontal direction downwardly to some extent. In 
this construction, inert gas blown from these cooling gas supplying pipes 23 
generates a vortex flow. Therefore, cooling conditions can be freely changed 
to control particle diameter more accurately. Furthermore, by generating the 
vortex flow in the vertically downward direction, by arranging not less than 
four inert gas blowing points at equal intervals, or by inclining the blowing 
direction of inert gas at 5 to 25 degrees downward, metallic powder containing 
few coarse particles such as aggregated particles can be obtained more reliably. 
As shown in Fig. 6, by arranging cooling gas supplying pipe 24 below the 
cooling gas supplying pipe 23 in the similar arranging aspect, cooling process 
can be performed in two steps. As a result, metallic powder containing few 
coarse particles such as aggregated particles can be obtained even more reliably 
compared to embodiment shown in Fig. 4. The inert gas used to rapidly cool 
the metallic powder is not limited as long as it does not affect the metallic 
powder, and nitrogen gas, argon gas, or the like can be desirably used. In 
particular, nitrogen gas is desirable since it is inexpensive. The amount of 
inert gas supplied to cool the metallic powder after the reducing process is 
ordinarily not less than 5 Nl/min per 1 g of metallic powder, desirably in a 
range from 10 to 50 Nl/min. The temperature of the inert gas is ordinarily in a 
range from 0 to 100°C, and desirably in a range from 0 to 80°C. 
[0035] As explained above, by cooling the nickel powder soon after the 
reducing reaction, growth of nickel powder particles and generation of 
secondary particles by aggregation can be reduced, and the particle diameter of 
the nickel powder can be controlled certainly. As a result, metallic powder 
containing few coarse particles such as aggregated particles to meet the 
requirements of thinner layers and a greater number of layers for recent 
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capacitors (for example, particle diameter 1 jum) can be reliably obtained. 
[0036] In the reducing process and the cooling process, it is more effective 
that inert gas flow be generated from inert gas blowing nozzle 26 in a vertical 
direction along the inner wall of the production device. The inert gas flow in 
the vertical direction along the inner wall of the production device is generated 
from at least one point of the inner wall, desirably from plural points. The 
amount of inert gas supplied is 0. 1 to 10 m/s at this time. 
D. Recovery Process 

[0037] A gas mixture containing nickel powder P, hydrochloric acid gas, and 
inert gas generated and cooled through the reducing process and the cooling 
process is transferred to a recovery furnace (not shown) via a nozzle 15 shown 
in Fig. 4, nickel powder P is separated and recovered from the gas mixture 
there. To recover the nickel powder, for example, one or more methods 
selected from one employing a bag filter, a recovery method in water, a 
recovery method in oil, and magnetic recovery method can be performed; 
however, this is not limited to these methods. Furthermore, the nickel powder 
can be washed with water or a primary alcohol having a carbon number of 1 to 
4 before or after recovery, if necessary. 

Brief Description of the Drawings 

[0038] Fig. 1 is a conceptual diagram showing a conventional reducing 
furnace. 

[0039] Fig. 2 is a conceptual diagram showing a reducing furnace in an 
embodiment of the present invention. 

[0040] Fig. 3 is a conceptual diagram showing a reducing furnace in another 
embodiment of the present invention. 

[0041] Fig. 4 is a diagram showing a production device for metallic powder in 
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an embodiment of the present invention. 

[0042] Fig. 5 is a diagram showing a production device for metallic powder in 
another embodiment of the present invention. 

[0043] Fig. 6 is a diagram showing a production device for metallic powder in 
another embodiment of the present invention. 

[0044] Fig. 7 is a diagram showing a reducing furnace for metallic powder in 
another embodiment of the present invention. 

[0045] Fig. 8 is an SEM photograph showing nickel powder obtained in 
Example 1. 

[0046] Fig. 9 is an SEM photograph showing nickel powder obtained in 
Example 2. 

[0047] Fig. 10 is an SEM photograph showing nickel powder obtained in 
Comparative Example. 

Explanation of Reference Numerals 

10. . . Chlorinating furnace, 20. . .Reducing furnace, 30 . . .Reducing furnace, 
40 . . . Cooling cylinder 

Best Mode for Carrying Out the Invention 

[0048] The effect of the present invention is further explained by way of 
Examples and the figures. 
Example 1 

[0049] First, as a chlorinating process, raw material nickel powder M was 
filled in chlorinating furnace 10 of a production device of metallic powder 
shown in Fig. 4 through a raw material supplying pipe 1 1 arranged on upper 
end surface of the chlorinating furnace 10, and temperature of atmosphere in 
the furnace was raised to 1100°C by a heater 14. Next, chlorine gas was 
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supplied to the chlorinating furnace 10 through a chlorine gas supplying pipe 
12 to chlorinate the metal nickel to generate nickel chloride gas. 10 mol% 
amount of the chlorine gas of nitrogen gas was supplied to the chlorinating 
furnace 10 through an inert gas supplying pipe 13. The gas mixture of 
chlorine gas and nitrogen gas was introduced to a reducing furnace 20 through 
a nozzle 15. 

[0050] Next, as a reducing process, the gas mixture of nickel chloride and 
nitrogen was introduced into the reducing furnace 20 having a temperature at 
the inner atmosphere of 1000°C by heating with a heater 22, through the nozzle 
15 at a flow rate of 2.3 m/s (converted at 1000°C). At the same time, 
hydrogen gas was introduced into the reducing furnace 20 through a reducing 
gas supplying pipe 21 attached on the upper end surface at a flow rate of 0.02 
m/s to reduce nickel chloride and to obtain nickel powder P. When the 
reducing reaction of nickel chloride gas and hydrogen gas was promoted, a 
luminous flame F resembling a burning flame of gas fuel such as LPG, was 
observed from the top part of the nozzle 15. 

[0051] After the reducing process, as a cooling process, nitrogen gas was 
supplied to cool the nickel powder P through a cooling gas supplying pipe 23 
arranged at a lower side part of the reducing furnace 20 at 16.4 Nl/min/g. At 
this time, nitrogen gas was blown at the luminous flame F in an aspect shown 
in Fig. 2 mentioned above. Generated nickel powder P, nitrogen gas, and 
hydrochloric acid gas were introduced to a recovery furnace (not shown in the 
figures) through a nozzle 25. 

[0052] Next, nitrogen gas, hydrochloric acid gas, and nickel powder P which 
were introduced to the recovery furnace through the nozzle 25, were introduced 
into a bag filter (not shown in the figures), to separate and recover the nickel 
powder P. After that, the nickel powder P was washed with hot water and 
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dried to obtain a finished product of nickel powder. An SEM photograph of 
nickel powder obtained in Example 1 is shown in Fig. 8. As is clear from Fig. 
8, this nickel powder contains few coarse particles and connected particles 
(secondary particles). 
Example 2 

[0053] The nickel powder P was produced in a manner similar to that in 
Example 1, the cooling process was performed as shown in Fig. 6, and the 
supplied amount of nitrogen gas was 8.2 Nl/min/g. The blowing direction of 
nitrogen gas to the luminous flame F was similar to Example 1, that is, the 
aspect shown in Fig. 2. Furthermore, as a secondary cooling process, nitrogen 
gas was further supplied from a secondary cooling gas supplying pipe 24 
arranged below the cooling gas supplying pipe 23 at 8.2 Nl/min/g to contact 
with the nickel powder, to perform two-step cooling process. Next, the 
powder was recovered, washed, and dried in a manner similar to that as in 
Example 1 to obtain a finished product of nickel powder. An SEM 
photograph of nickel powder obtained in Example 2 is shown in Fig. 9. This 
nickel powder contains fewer coarse particles and connected particles 
(secondary particles) than the nickel powder of Example 1. 
Example 3 

[0054] The nickel powder was produced in a manner similar to that in 
Example 2, except for using the reducing furnace shown in Fig. 7, except for 
blowing nitrogen gas continuously at 2.0 m/s from inert gas blowing nozzle 26 
in the vertical direction along the inner wall of the reducing furnace to generate 
gas flow. This nickel powder contains fewer coarse particles and connected 
particles (secondary particles) than the nickel powder of Example 2. 
Comparative Example 

[0055] The nickel powder was produced in a manner similar to that as in 
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Examples 1 and 2, except for using the device shown in Fig. 4 and supplying 
nitrogen gas 16.4 Nl/min/g through the cooling gas supplying pipe 23. At this 
time, nitrogen gas was blown into the luminous flame F in an aspect shown in 
Fig. 1 mentioned above. Generated powder was recovered, washed, and dried 
in a manner similar to that in Examples 1 and 2. An SEM photograph of 
nickel powder obtained in the Comparative Example is shown in Fig. 10. As 
is clear from Fig. 10, this nickel powder contains more coarse particles and 
connected particles (secondary particles) than the nickel powder of the 
Examples. The numbers of coarse particles and connected particles in the 
nickel particles of Examples, and Comparative Example are shown in Table 1 . 
Table 1 





Number of coarse 
particles (2 to 5 um) 


Number of connected 
particles (1 to 2 um) 


Example 1 


19 


399 


Example 2 


18 


278 


Example 3 


15 


143 


Comparative Example 


23 


503 



[0056] As shown in Table 1 , each Examples contains fewer coarse particles 
and connected particles than Comparative Example. In particular, the number 
of connected particles in each Example is extremely small compared to 
Comparative Example. Therefore, the nickel powders of Examples are 
appropriate as a raw material of recent capacitors in which thinner layers and a 
greater number of layers are required. 

[0057] As explained above, in the method for production of the metallic 
powder of the present invention, since the vortex flow is generated by blowing 
inert gas from plural parts around the flow passage of the metallic powder 
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during a cooling process, growth of generated metallic powder particle to 
secondary particle by aggregation after the reducing process can be certainly 
reduced. Therefore, the present invention is useful from the viewpoint of 
production of raw materials of recent capacitors in which thinner layers and a 
greater number of layers are required. 
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